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Description 

The invention relates to an X-ray tube compris- 
ing a cathode and an anode which are accommo- 
dated in an envelope, said anode comprising an 
anode support which is made of a material having 
a comparatively high thermal conductivity. 

An X-ray tube of this kind is known from 
US A 4,205,251 . For the detection of elements 
having a comparatively low atomic number, for 
example lower than 20, by means of X-ray spec- 
tral analysis, known X-ray tubes are not ideally 
suitable, because the X-rays to be generated 
therein for the analysis of light elements contain 
an insufficient amount of long-wave X-rays. 

For generating comparatively long-wave 
X-rays, it is desirable to use an anode material 
containing an element having a low atomic 
number. However, problems are then encoun- 
tered because such materials, for example, are 
difficult to machine, have a poor thermal conduc- 
tivity, and are expensive. Moreover, several of 
these materials frequently also occur in the speci- 
mens to be analysed. The cost and particularly the 
poor thermal conductivity usually make it un- 
attractive to manufacture an anode block from 
these materials. 

It is an object of the invention to provide an 
X-ray tube in which an X-ray beam containing a 
comparatively large amount of long-wave radi- 
ation can .be generated without deterioration of 
the customary favourable thermal and construc- 
tive properties of the tube and in which the beam 
contains only a small amount of radiation which 
is characteristic of one of the customary elements 
to be analysed. An important argument in favour 
of scandium is thus also the fact that scandium 
occurs only rarely in specimens to be analysed, so 
that the characteristic radiation of elements in the 
specimen to be analysed Is not disturbed by the 
characteristic radiation of the anode material. To 
this end, an X-ray tube of the kind set forth in the 
opening paragraph of this specification Is charac- 
terized in accordance with the Invention In that a 
target disc which substantially consists of scan- 
dium is provided on the anode support by 
adhesion using an intermediate layer resulting in 
a mechanically strong uniform joint. 

Because a scandium target disc is provided 
together with an intermediate layer in accordance 
with the invention, a mechanically strong, suit- 
ably homogeneous bond is achieved between the 
disc and the block. Moreover, the bond is well 
capable of withstanding large temperature fluc- 
tuations and elevated temperatures. The occur- 
rence of seriously disturbing X-rays in an X-ray 
beam to be generated by means of this tube Is 
also mitigated. 

In a preferred embodiment the anode support 
consists mainly of silver or copper, the inter- 
mediate layer consisting of titanium, vanadium or 
chromium, or a mixture of two or more of these 
elements, which is provided in the form of a thin, 
suitably adhesive layer on a target side of the 
anode block or on an anode target to be bonded 



thereon. Thanks to the use of these materials, the 
occurrence of disturbing short-wave X-rays in an 
X-ray beam to be generated is avoided. 
The use of chromium for the intermediate layer 

5 is particularly attractive. Chromium can be pro- 
vided on the anode block in a suitably adhesive 
and homogeneous manner by electrolysis as a 
layer having a thickness of, for example, 50 — 100 
urn. In a preferred embodiment, a scandium plate 

10 having a thickness of, for example, approximately 
50 urn is bonded to such a chromium layer by 
adhesion at a temperature approximately in the 
range of 800— 1000°C. 
An X-ray tube embodying the invention is 

is diagrammatically shown in the single Figure of 
the drawing and comprises an evacuated en- 
velope 1 in which a cathode 2 with an electron- 
emissive element 3 and an anode support 4 with 
an anode target 5 are accommodated. A voltage 

20 can be applied between the anode and the 
cathode so that electrons to be emitted by the 
electron-emissive element are intercepted by the 
anode in order to generate X-rays therein. An 
X-ray beam emerging through an exit window 6 

25 can irradiate (if desired via a radiation filter) a 
monochromator crystal or specimen arranged in 
an X-ray analysis apparatus. 

In accordance with the invention there is pro- 
vided on the anode target 5 a scandium plate 7 

30 which has a thickness of, for example, 50 urn and 
a transverse dimension of, for example, approxi- 
mately 25 mm. In order to generate an X-ray 
beam containing mainly radiation which is 
characteristic of scandium, the thickness of the 

35 scandium plate is chosen so that the electrons 
cannot penetrate into the underlying material or 
so that, should X-rays still be generated therein, 
they are absorbed by the scandium plate. The 
X-ray beam to be used then remains substantially 

40 free of this radiation which would have a disturb- 
ing effect because of the deviating wavelength. 
Scandium, however, cannot be directly deposited 
on the anode block or the anode target if it 
consists, for example, of silver or copper because 

45 comparatively brittle and hence mechanically 
weak intermetallic Ag-Sc or Cu-Sc bonds are then 
formed. Moreover, particularly because of the 
poor thermal conductivity, it Is not attractive to 
made a complete anode block of scandium. In 

so order to enable the use of scandium as the target 
material, which is to be preferred from a point of 
view of temperature resistance, vapour pressure 
at elevated temperatures, but principally because 
of its favourable radiation spectrum, use is made 

55 of an intermediate layer 8. From a metallurgical 
point of view, this layer could consist, for example 
of one of the elements V (23), Nb (41), Ta (73), Cr 
(24), Mo (42) or W (74) or a combination of any 
two or more thereof. The elements of this group 

60 which have an atomic number above approxi- 
mately 40 have the drawback that disturbing 
X-rays can be generated therein. In order to 
restrict this possibility, the use of V, Cr, Ti or a 
combination thereof is chosen. Chromium offers 

65 the additional advantage that a thin, suitably 
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homogeneous and adhesive layer can be pro- 
vided on the anode block by electrotyis in a 
comparatively simple manner. On a chromium 
layer thus deposited a scandium plate can be 
provided by adhesion so that a suitable bond is 
obtained. The bonding process is performed, for 
example, in an argon atmosphere at a tempera- 
ture of approximately from 800 to 1000°C, the 
scandium plate being pressed onto the chromium 
layer, for example, 30 minutes with a pressure of, 
for example, 100 kg/cm 2 . A suitable bond is very 
desirable for a good X-ray tube. Very severe 
requirements must be imposed notably as 
regards the homogeneity of the bond, which 
means that the occurrence of local heat 
resistances, inclusions and the like must be 
avoided, particularly because the service life of 
the tube could otherwise be substantially 
reduced. A suitable bond can also be achieved, 
for example, by depositing for example by a 
diffusion process a chromium film simul- 
taneously with a scandium film on an anode 
target, preferably in a low-oxygen atmosphere. 

Furthermore, the bond should preferably be 
suitably capable of withstanding temperature 
fluctuations, for example between 0°C and 600°C, 
and it should preferably also have a high melting 
point, for example at least 800°C, because of 
potential further work performed on the anode, 
such as the soldering of a scandium-coated anode 
target structure to a further anode block by means 
of Cu-Ag solder. It is preferable to use materials 
for the anode construction having an own vapour 
pressure of less than about 10" fl torr (1 Torr = 133 
Pa) at a temperature of approximately 600°C, 
otherwise the service life of the tube could again 
be reduced. 

An X-ray tube embodying the invention may 
alternatively comprise a rotary anode, for 
example for use in an X-ray analysis apparatus in 
which a high radiation density and a compara- 
tively small emissive surface are required, for 
example for an exafs spectrometer or the like. The 
scandium disc then is substituted, for example, by 
a ring which corresponds to a focal path 
described on the anode by the electron beam. In 
order to obtain a high radiation density, use can 
alternatively be made of an X-ray tube as 
described In US— A— 3,914,633 whose stubby 
anode is provided with a scandium disc on its 
target side. 

In a transmission X-ray tube, that is to say an 
X-ray tube in which the X-rays emerge from the 
side of the anode remote from the target for the 
electron beam, a scandium coating can be pro- 
vided on the inner side of a Be plate which acts as 
the anode target carrier, as Intermediate layer and 
also as the exit window. X-rays generated In the 
scandium then leave the X-ray tube via the Be 
window which has a thickness, for example, 
150—500 urn. 

It has already been stated that the thickness of 
the scandium layer should preferably be sufficient 
for comparatively pure scandium radiation to be 
generated, and that the intermediate layer should 



preferably be chosen from elements whose 
characteristic radiation is absorbed to a high 
degree in the scandium layer. However, it may 
alternatively be attractive also to make available 

5 the X-rays generated in the intermediate layer, for 
example by application of a higher voltage. A 
solution in this respect is described in our Euro- 
pean Patent Application EP— A— 0127230 filed 
concurrently with the present Application by 

10 Applicant. A double-layer anode tube of this kind, 
particularly containing scandium as one of the 
anode target materials, can be constructed in 
exactly the same way as the above tube, be it that 
the scandium layer will be substantially thinner in 

75 accordance with the desired radiation spectrum. 
A suitable thickness may be from 1 urn to some 
tens of urn. 

An X-ray tube embodying the invention is 
particularly suitable for use In an X-ray analysis 

20 apparatus which serves to demonstrate the pre- 
sence of elements having a low atomic number in 
a specimen. When use is made of a scandium 
disc, the effective radiation yield is then more 
than twice as great as when chromium is used as 

25 the target material. 

Claims 

1. An X-ray tube comprising a cathode and an 
30 anode which are accommodated in an envelope, 

said anode comprising an anode support which is 
made of a material having a high thermal conduc- 
tivity, characterized in that a target disc which 
consists substantially of scandium is provided on 
35 the anode support by adhesion using an inter- 
mediate layer resulting in a mechanically strong 
uniform joint. 

2. An X-ray tube as claimed in Claim 1, charac- 
terized in that the intermediate layer consists 

40 substantially of one of the elements of the group 
Ti (22), V (23) and Cr (24), or of a combination of 
two or more elements of this group. 

3. An X-ray tube as claimed in Claim 2, charac- 
terized in that an anode target which supports the 

45 scandium target plate consists substantially of 
one of the elements copper or silver or a combi- 
nation thereof. 

4. An X-ray tube as claimed in Claim 3, charac- 
terized in that the intermediate layer substantially 

so consists of a layer of chromium which is electro- 
lytically deposited on the supporting anode target 
plate. 

5. An X-ray tube as claimed in Claim 2 or 3, 
characterized in that the intermediate layer and 

55 the scandium target plate are provided together 
on an anode target plate by adhesion. 

6. An X-ray tube as claimed in Claim 4 or 5, 
characterized in that the chromium layer has a 
thickness of approximately 50 — 100 urn, the scan- 

60 dium disc having a thickness of approximately 
50 Mm. 

7. An X-ray tube as claimed in Claim 1 , modified 
in that the scandium target plate is provided on a 
beryllium window which acts as the exit window 

65 for the X-ray tube. 
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8. An X-ray tube as claimed in any of Claims 1, 
2, 3, 4, 5 or 6, characterized in that the thickness 
of the scandium layer and the material of the 
intermediate layer are adapted to generate differ- 
ent 

X-ray spectra with different acceleration volt- 
ages. 

9. An X-ray analysis apparatus, characterized 
in that it comprises an X-ray tube as claimed In 
any of the preceding Claims. 

Patentanspruche 

1. Rdntgenrdhre mit einer Kathode und einer 
Anode, die in einem Kolben angeordnet sind, 
wobei die Anode einen Anodentrager enthalt, 
der ails einem Material mit einer hohen thermi- 
schen Leitfihlgkeit gefertigt ist, dadurch gekenn- 
zeichnet, dass auf dem Anodentriger unter Ver- 
wendung einer Zwischenschicht durch Adhasion 
eine im wesentlichen aus Skandium bestehende 
Targetscheibe angebracht ist, wodurch sich eine 
mechanisch starke einheitliche Verbindung 
ergibt 

2. Rdntgenrdhre nach Anspruch 1, dadurch 
gekennzefchnet, dass die Zwischenschicht im 
wesentlichen aus einem der Elemente der 
Gruppe Ti (22), V (23) und Cr (24) oder aus einer 
Kombination von zwei oder mehreren Elementen 
dieser Gruppe besteht 

3. Rdntgenrdhre nach Anspruch 2, dadurch 
gekennzeichnet, dass ein die Skandium-Target- 
platte tragendes Anodentarget im wesentlichen 
aus einem der Elemente Kupfer oder Silber oder 
aus einer Kombination dieser Elemente besteht. 

4. Rdntgenrdhre nach Anspruch 3, dadurch 
gekennzeichnet, dass die Zwischenschicht im 
wesentlichen aus einer Chromschicht besteht 
die elektrolytisch auf der tragenden Anodentar- 
getscheibe abgelagert ist. 

5. Rdntgenrdhre nach Anspruch 2 oder 3, 
dadurch gekennzeichnet, dass die Zwischen- 
schicht und die Skandium-Targetplatte 
zusammen auf einer Anodentargetscheibe durch 
Adhasion angebracht sind. 

6. Rdntgenrdhre nach Anspruch 4 oder 5, 
dadurch gekennzeichnet, dass die Chromschicht 
eine Dicke von etwa 50 bis 100 um und die 
Skandiumscheibe eine Oicke von etwa 50 um 
besitzen. 

7. Rdntgenrdhre nach Anspruch 1, In dem 
Sinne abgewandelt, dass die Skandiumtarget- 
platte auf einem Berylfenster angebracht ist, das 
als Austrittsfenster fur die Rdntgenrdhre dient. 

8. Rdntgenrdhre nach einem der Ansp ruche 1, 
2, 3, 4, 5 oder 6, dadurch gekennzeichnet, dass 
die Dicke der Skandiumschlcht und das Material 
der Zwischenschicht zum Erzeugen verschiede- 
ner Rdntgenspektren mit verschiedenen 
Beschleunigungsspannungen ausgelegt sind. 



9. RdntgenanalysegerSt, dadurch gekennzeich- 
net, dass es eine Rdntgenrdhre nach einem oder 
mehreren der vorangehenden AnsprOche ent- 
halt. 

5 

Revendications 

1. Tube a rayons X comprenant une cathode et 
une anode qui sont logees dans une enveloppe, 

w cette anode comprenant un support d'anode qui 
est fait d'une matiere a conductivite thermique 
eievee, caracterise en ce qu'un disque formant 
cible constitue en substance de scandium est 
applique* sur le support d'anode par adherence a 

is I'aide d'une couche intermediate donnant une 
jonction uniforme mecaniquement robuste. 

2. Tube a rayons X suivant la revendication 1, 
caracterise en ce que la couche intermediaire est 
constituee en substance de Tun des elements du 

20 groupe Ti (22), V (23) et Cr (24) ou d'une combi- 
naison de deux ou de plus de deux elements de 
ce groupe. 

3. Tube a rayons X suivant la revendication 2, 
caracterise en ce qu'une cible d'anode qui sup- 

25 porte la plaquette formant cible en scandium est 
constitute en substance de run des elements 
cuivre ou argent ou d'une combinaison des 
deux. 

4. Tube a rayons X suivant la revendication 3, 
30 caracterise en ce que la couche intermediaire est 

constituee en substance d'une couche de chrome 
qui est dSposee electrolytiquement sur la pla- 
quette formant cible d'anode de support. 

5. Tube a rayons X suivant la revendication 2 
35 ou 3, caracterise en ce que la couche interme- 
diaire et la plaquette formant cible en scandium 
sont appliquees ensemble par adherence sur une 
plaquette formant cible d'anode. 

6. Tube a rayons X suivant la revendication 4 
40 ou 5, caracterise en ce que la couche de chrome 

a une epalsseur d'environ 50 a 100 urn, le disque 
de scandium ayant une epaisseur d'environ 50 
um. 

7. Tube a rayons X suivant la revendication 1, 
45 modifie en ce que la plaquette formant cible en 

scandium est appliquee sur une fendtre en beryl- 
lium qui sert de fenetre de sortie pour le tube a 
rayons X. 

8. Tube a rayons X suivant Tune queiconque 
so des revendications 1, 2, 3, 4, 5 ou 6, caracterise 

en ce que I'epaisseur de la couche de scandium 
et la matiere de la couche intermediaire sont 
adaptees afin de produire des spectres de rayons 
X differents avec des tensions d'acceleration dif- 
55 ferentes. 

9. Appareil d'analyse a rayons X, caracterise en 
ce qu'il comprend un tube a rayons X suivant 
I'une queiconque des revendications ptece- 
dentes. 

60 
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